Male Sprague-Dawley rats were fed 5% and 25% levels of coconut fiber to examine the effect of fiber on cholesterol metabolism.
Coconut kernel is consumed as a culinary ingredient in several parts of India, particularly, in Kerala. It is generally believed that consumption of coconut kernel, a major source of coconut oil, may lead to an increased cholesterol level and thus promote cardiovascular disease (CVD). Coconut kernel contains on average 40% oil, and thus an appreciable amount of coconut oil is consumed via coconut kernel. But apart from coconut oil, coconut kernel contains 7-8% dietary fiber, which may beneficially influence serum cholesterol. The hypocholesterolemic and antiatherogenic action of fiber-rich diets has been demonstrated in several human and animal studies [1] [2] [3] [4] . In this connection studies in this laboratory have shown that the neutral detergent fiber (NDF) from coconut kernel has significant cholesterol-lowering action [5] . In a previous experiment on the effect of coconut fiber, a high-fat atherogenic diet was administered to rats. In this study, we investigated the effect of two different levels of coconut fiber on cholesterol metabolism in rats fed a normal cholesterol-free diet.
MATERIALS AND METHODS
Preparation of NDF from coconut kernel. Coconut kernel was dried at 60°C, powdered to 20-30 mesh, and defatted exhaustively with petroleum ether (40-60°C). The dry defatted material was extracted with neutral detergent solution as described by Goering and Van Soest [6] . The NDF was subjected to digestion with a-amylase to remove residual starch. The yield of NDF obtained from coconut kernel was 7.24%.
Animal experiments. Male albino rats (Sprague-Dawley strain, weight 80-100 g) were divided into three groups of 6 rats each and fed as follows; Group I, fiber free diet; Group II, 5% coconut fiber diet; and Group III, 25% coconut fiber diet (Table 1) . f The rats were housed in individual polypropylene cages in rooms maintained at 25 ± 1°C, with alternate exposure to light and dark for 12 h; and water was available ad libitum. Gain in weight and feed intake were recorded weekly. The caloric intake of rats fed NDF and fiber-free diet were kept the same by adjusting the quantity of food intake. 10.5 g of 5% coconut fiber diet and 13.12 g of 25% coconut fiber diet supply the same calories as 10 g of the isocaloric fiber-free diet. The intake of salt mixture and vitamin mixture was kept the same in all groups. The two experimental diets contained 5 and 25 g coconut fiber/ 100 g diet, respectively, and the fiber was included at the expense of cornstarch.
Rats were maintained on the respective diet for a period of 60 days. At the end Table 1 . Composition of the diet (g/100 g).
Vitamin mixture and salt mixture used have the composition as described before [7] .
of this period they were deprived of food and killed by decapitation. Blood was collected and tissues were removed to ice-cold containers for various estimations. Before killing, 24h stool samples were collected thrice from the rats of each group in metabolic cages, pooled, and used for the estimation of fecal neutral sterols and bile acids. Estimations of cholesterol, triglycerides, phospholipids, bile acids, neutral sterols, /3-hydroxy-/3-methylglutaryl-coenzyme A reductase (HMG-CoA reductase, EC 1.1.1.34), plasma lecithin:cholesterol acyl transferase (LCAT, EC 2.3.1.3), lipoprotein lipase (LPL; EC 3.1.1.3), release of lipoproteins into the circulation, and separation and estimation of serum lipoproteins were estimated as described earlier [7] . Bile acids were extracted from liver by the method of Okishio et al.
[8], and fecal sterols and bile acids were extracted as described by Grundy et al.
[9] and estimated as before. Activities of glucose-6-phosphate dehydrogenase (EC 1.1. 1.49) and malic enzyme (EC 1.1.1.40) were determined by the method of Kornberg and Horecker [10] and Severo [11], respectively. In vivo incorporation of radioactive acetate into serum and hepatic lipids and bile acids was carried out after separation using TLC, and the activity was counted in a Packard scintillation counter using the method described before [12] . Protein in the enzyme extract was determined after TCA precipitation by the method of Lowry et al. [13] . Statistical analysis was performed using one-way ANOVA, and significance differences between treated means were determined by Bonferroni's multiple comparison procedure [14] .
RESULTS
The caloric intake of the rats of the three groups was similar, as was the gain in body weight (Table 2 ).
Rats fed the 25% level of coconut fiber showed significantly lower levels of cholesterol in their serum and tissues, whereas rats fed 5% fiber showed lower levels of cholesterol only in the serum, liver, and aorta (Table 3) .
A lower concentration of triglycerides was observed in the liver, heart, and aorta in groups fed both levels of fiber, whereas serum triglycerides were lower only in the high-fiber group (Table 3) . There was a significantly lower level of phospholipids in the serum and aorta in both fiber-fed groups, but in the heart and liver a significant decrease was seen only in the high-fiber group (Table 3) . Table 2 . Gain in body weight and liver weight of rats.
Values are mean ± SD of 6 rats in each group. Vol. 24, No. 3, 1998 Serum (VLDL + LDL) cholesterol was significantly lower in rats fed either level of coconut fiber, whereas HDL cholesterol was higher, but only in the high-fiber group (Table 4) . Release of lipoproteins into the circulation was significantly decreased in rats given fiber (Table 4) .
Incorporation of radioactive acetate into free cholesterol showed increase in Table 3 . Concentration of cholesterol, triglycerides, and phospholipids.
Results are expressed as the mean ± SD of 6 rats in each group. Groups II and III were compared with Group I: *p <_ O.OI . the serum and liver, whereas that into ester cholesterol, triglycerides, and phospholipids showed a decrease ( Table 5 ). The activities of HMG-CoA reductase and plasma LCAT were higher in both fiber groups, whereas glucose-6-phosphate dehydrogenase and malic enzyme activities were lower (Tables 6 and 7) .
Rats fed coconut fiber showed increased concentration and increased incorporation of radioactive acetate into cholic acid and chenodeoxy cholic acid when compared with the fiber-free group. There was also increased fecal excretion of bile acids and neutral sterols in rats fed different levels of coconut fiber (Tables 6 and  8) .
DISCUSSION
The results obtained indicate that both 5% and 25% coconut fiber diets had a significant hypocholesterolemic effect on the serum and tissues. These results are in agreement with previous reports from this laboratory [5, 12, 15, 16] . There was increased activity of HMG-CoA reductase, the rate-limiting enzyme of cholesterol biosynthesis, which indicates increased cholesterogenesis. Results of incorporation studies also indicated increased cholesterogenesis in the liver. But from the results it is evident that the hypocholesterolemic effect of coconut fiber is not due to decreased cholesterol synthesis but rather due to an increased rate of catabolism. The increase in the concentration of cholic acid and chenodeoxy cholic acid in the liver in rats fed fiber indicates increased degradation of cholesterol to bile acids. Incorporation of radioactive acetate into bile acids supports increased synthesis of hepatic bile acids. In this connection it has been reported that the decrease in body cholesterol concentrations is due in part to the ability of fiber to inhibit lipid absorption from the gut and to increase bile acid synthesis [17] . Reports also suggest that endogenously synthesized cholesterol is the preferred substrate for bile acid synthesis and would thus be no longer available to raise body cholesterol concentration [18] [19] [20] .
The increased activity of lipoprotein lipase in the heart and adipose tissue indicate increased clearance of triglyceride-rich lipoproteins (chylomicrons + VLDL). The decrease in the concentration of serum triglycerides in rats fed fiber may therefore be due to increased activity of lipoprotein lipase in the extra-hepatic tissues. The decreased activity of glucose-6-phosphate dehydrogenase and malic enzyme in the liver in rats fed coconut fiber, which provides NADPH for fatty acid synthesis, also is in line with decreased synthesis of triglycerides and phospholipids. The activity of plasma LCAT showed an increase in rats fed coconut fiber. The higher activity of this enzyme may be correlated with the decreased concentration of cholesterol in the tissues. The increased activity of plasma LCAT in rats fed this fiber agrees with observations made by other workers [4] . Reports indicate that the mechanism of the cholesterol-lowering action of dietary fiber is in part mediated by binding of bile acids by the fiber in the intestine [15, 16] . The increased fecal excretion of neutral sterols and bile acids in rats fed fiber may be due to the consequence of this binding.
The liver plays a central role in cholesterol metabolism. It exports the sterol both to the systemic circulation in the form of lipoproteins and to the intestinal lumen as biliary cholesterol and bile acids. The liver acquires cholesterol by direct synthesis and also by assimilation of the sterol from the circulating lipoproteins. The synthesis of cholesterol and bile acids in the liver is controlled by a complex system of feed back. It is thought that the rate of synthesis of cholesterol is probably kept in a repressed state by cholesterol returning to the liver via the entero-hepatic circulation, and that cholesterol catabolism to bile acids is likewise controlled either by cholesterol or by bile acids returning from the gut. An enhancement of bile acid and neutral sterols excretion effectively reduces the quantity of both bile acids and cholesterol (bile acids being required for the absorption of cholesterol) returning to the liver. Therefore, in these circumstances, both cholesterol synthesis and catabolism are no longer subject to as much feed back control as under normal conditions, and the result may thus be a compensatory increase in both cholesterol and bile acid synthesis.
The effect of dietary fiber sources on lipid metabolism has been studied extensively in humans and in experimental animals. Although dietary fibers are generally considered as a group, they do not necessarily have similar effects. Water-soluble fibers such as pectin or guar gum have proven to be more effective in lowering serum and liver cholesterol concentrations than insoluble fibers [4, 21] . In experiments in which fiber was added to the diet, pectin was shown to be the most hypocholesterolemic of fiber fractions [22] . In the present study the NDF isolated from coconut kernel according to the procedure of Goering and Van Soest
[6] contains 45.1% hemicellulose, 43.28% cellulose, 8.15% lignin, 3.28% cutin and 0.25% silica but does not contain soluble fibers such as pectins. The NDF components that are reported to affect lipid levels are hemicellulose and lignin. Coconut fiber is rich in hemicellulose and low in lignin. Previously, the hypocholesterolemic action of black gram fiber studied in this laboratory was shown to be associated with hemicellulose content [15] . It is quite possible that the observed effect of coconut fiber may be associated with the hemicellulose content. The present study indicates that the hypolipidemic effect of NDF from coconut kernel when given as 25% of the diet was much greater than that caused by 5% coconut fiber. This may probably be due to the quantitative difference in the hemicellulose content present in it.
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